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(g) A temperature control system for controlling 
the defrosting of a refrigerator includes at least 
one semiconductor device (S1,S2) for sensing 
the temperature within the refrigerator, and an 
electronic control unit (14) to which the or each 
temperature sensing device (S1.S2) is connec- 
ted such that, when the temperature sensed by 
a device (S1) reaches a predetermined mini- 
mum value, a cycle for defrosting the 
evaporator unit (4) of the refrigerator is in- 
itiated, and, when the temperature sensed by 
the device (S1) reaches a predetermined 
maximum value, the defrost cycle is stopped. 
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This invention relates to a temperature control 
system for a refrigerator, and more particularly to such 
a system for controlling the defrosting of a refrigerator. 

The evaporator coil of a conventional compres- 
sion refrigerator requires periodic defrosting to elimi- 
nate the build-up of ice thereon. 

Heretofore this has usually been achieved by 
incorporating within the refrigerator control unit a 
timer whereby the cooling system is switched off at 
preset intervals for predetermined lengths of time - for 
example every 2 hours for 7 minutes. 

Although the preset intervals and the predeter- 
mined lengths of time can be varied, such an arrange- 
ment can still result in undesirable and unnecessary 
rises in cabinet temperature, as well as excess power 
consumption. 

It would be desirable to be able to provide a sys- 
tem for controlling the defrosting of a refrigerator 
which eliminated the aforementioned disadvantages 
of the current arrangements. 

According to the present invention there is pro- 
vided, for a refrigerator having a cabinet and a cooling 
circuit including an evaporator unit, a compressor unit 
and a condenser, a temperature control system com- 
prising at least one temperature sensing device for 
location within the refrigerator, and an electronic con- 
trol unit to which the or each temperature sensing 
device is connected in such a manner that, when the 
temperature sensed by a device reaches a predeter- 
mined minimum value, a cycle for defrosting the 
evaporator unit is initiated, and, when the temperature 
sensed by said device reaches a predetermined 
maximum value, the defrost cycle is stopped. 

Thus it will be appreciated that such a system pro- 
vides defrost on demand - i.e. only when it is neces- 
sary - and terminates the defrost cycle as soon as 
defrosting has been completed in accordance with the 
predetermined settings thereby preventing undue 
temperature rises in the cabinet and avoiding undue 
power consumption by the refrigerator. 

In one embodiment of the invention, the defrost 
cycle comprises switching off the compressor unit at 
said predetermined minimum temperature and 
switching the compressor unit back on at said pre- 
determined maximum temperature. 

In an alternative embodiment of the invention, the 
defrost cycle comprises eliminating the condenser 
from the coolant circuit whereby the vaporised refri- 
gerant flows through the evaporator unit to effect def- 
rosting of the evaporator unit. 

In a preferred temperature control system there 
are at least two temperature sensing devices, one 
located at or adjacent the evaporator unit and connec- 
ted to the electronic control unit to control the defrost 
cycle, and another located in the cabinet and connec- 
ted to the control unit to control the temperature in the 
cabinet. 

The refrigerator may include a fan unit for circulat- 



ing air within the cabinet and through the evaporator 
unit, and heating means for assisting defrosting of the 
evaporator unit, in which case, on initiation of the def- 
rost cycle, the fan unit is switched off and the heating 

5 means is switched on, and, on termination of the def- 
rost cycle, the heating means is switched off and the 
fan unit is switched on. 

Conveniently the control system includes means 
for delaying switching on of the fan unit after termi- 

10 nation of the defrost cycle until the temperature sen- 
sed by the device at or adjacent the evaporator unit 
has fallen to a value below said predetermined 
maximum value. 

Preferably the or each temperature sensing 

15 device comprises one or more semi-conductor 
devices, for example diodes, while the electronic con- 
trol unit may comprise a microprocessor together with 
separate RAM and ROM peripherals, or, alternatively, 
a microcontroller with inbuilt RAM and ROM peripher- 

20 als. 

Conveniently the control unit includes means, 
preferably potentiometers, for adjusting: 

a) the temperature within the cabinet; 

b) the predetermined minimum temperature of the 
25 evaporator unit at which the defrost cycle is 

initiated; 

c) the predetermined maximum temperature at 
the. evaporator unit at which the defrost cycle is 
stopped; 

30 d) the temperature at which the fan unit is 
switched on after termination of the defrost cycle. 
By way of examples only, embodiments of the 
invention will now be described in greater detail with 
reference to the accompanying drawings of which 
35 Figs. 1 and 2 show a temperature control system 

according to the invention as applied to two alter- 
native refrigerators, and 

Fig. 3 is a schematic block diagram of a tempera- 
ture control system according to the invention. 
40 Referring to Fig. 1, there is shown a first ref- 
rigerator comprising a cabinet 2, an evaporator unit 4, 
which may be of the coil or plate type, a compressor 
6 and a condenser 8 interconnected in conventional 
manner. 

45 Evaporator fans 10 are positioned adjacent the 
evaporator unit 4 to circulate air within the cabinet 2 
and around the evaporator unit 4, while a heater 12 
within the evaporator unit 4 is provided to speed up 
the defrost process as will be detailed below. 

so The refrigerator incorporates a defrost tempera- 
ture control system schematically illustrated in Fig. 3 
and including a first temperature sensor S1 located 
within the evaporator unit 4 and a second temperature 
sensor S2 located within the cabinet 2. The sensors 

55 S1 and S2 comprise semiconductors, conveniently 
diodes. 

The sensors S1 and S2 are each connected in 
series with an associated resistor such that, on the 



3 



EP 0 494 785 A1 



4 



application thereto of a voltage, the voltage across 
each diode is inversely proportional to the tempera- 
ture of the diode, said voltage typically varying by 2.2 
mv/°C. 

The semi-conductor sensors S1 and S2 are each 
connected to a central electronic control unit indicated 
generally at 14, as are the compressor 6, the fans 10 
and the heater 12. 

Also connected to the control unit 14 are four 
user-adjustable potentiometers P1, P2, P3 and P4 
which enable the user to set the required parameters 
of the control system. More particularly, P1 deter- 
mines the temperature within the cabinet 2, P2 deter- 
mines the temperature of the evaporator coil 4 at 
which the defrost begins, P3 determines the tempera- 
ture of the evaporator coil 4 at which defrost ends, and 
P4 determines the delay after termination of defrost at 
which the fans 10 are started up. 

The control unit incoporates a microprocessor 
with separate associated RAM and ROM facilities, or 
a micro-controller with these facilities inbuilt, together 
with an analogue to digital conversion facility and a 
multiplexer. 

Under normal conditions within the refrigerator, 
the compressor 6 is actuated by the control unit 14 in 
accordance with the setting of potentiometer P1 to 
maintain the temperature within the cabinet 2 at the 
desired value, which temperature is monitored by the 
sensor S2. The fans 10 are operating, the heater 12 
is off and the sensor S1 is constantly monitoring the 
temperature at the evaporator unit 4. 

Under the control of a software program, residing 
in ROM, the microcontroller constantly reads the sig- 
nals from the sensors S1 and S2 as well as the user 
settings of the potentiometers P1.P2.P3 and P4 
through a multiplexing system and an analogue to 
digital conversion system whereby decisions can be 
made as to the control of the associated refrigeration 
equipment on the basis of the temperatures of the 
sensors S1 and S2 and the requirements of the user 
as determined by the potentiometers P1 to P4. 

These decisions are implemented by control 
devices, which may be relays, transistors or the like, 
under-the control of the unit 14 to operate or otherwise 
the compressor 6, fans 10 and heater 12. 

When the temperature of the evaporator unit 4 as 
sensed by sensor S1 falls to the minimum value as 
determined by potentiometer P2, the compressor 6 
and fans 10 are switched off and the heater 12 is 
switched on to initiate the defrost process. 

Once the temperature at the evaporator unit 4 has 
risen to the maximum value as determined by the 
potentiometer P3, the compressor 6 is switched back 
on and the heater 12 is switched off, the fans 10 
remaining off. 

When the temperature of the evaporator unit 4 
has fallen to the value determined by the potentiome- 
ter P4, the fans 10 are activated. This delay in fan 



operation serves to prevent any moisture that may be 
present on the evaporator unit immediately after def- 
rost has been terminated from being blown onto the 
produce within the cabinet 2. 

5 Integral with the microcontroller is a display driver 

through which a digital liquid crystal diplay can indi- 
cate the temperature in various parts of the equip- 
ment In this respect, provision can be made for one 
or more additional sensors such as S3 to be mounted 

10 in the cabinet 2 and connected to the control unit 14. 
Each sensor S1 , S2 or S3 may comprise a num- 
ber of semiconductors connected in series. 

The LCD can also be used to indicate faults in the 
system as well as which parts of the equipment are at 

15 any time on or off. 

Fig. 2 illustrates an alternative refrigerator to 
which the control system of the invention has been fit- 
ted, components equivalent to those of Fig. 1 being 
similarly referenced. 

20 Instead of incorporating an electrical heater to 
speed up defrosting, the embodiment of Fig. 2 utilises 
reverse-cycle defrosting. 

More particularly, the coolant circuit incorporates 
a solenoid valve 16 connected to the control unit 14 

25 in such a manner that, under normal operating condi- 
tions, liquid refigerant flows to the evaporator unit 4, 
vaporised refrigerant flowing from the evaporator unit 
4 back to the condensor unit 6 via the compressor 6, 
the high pressure vapour condensing in the conden- 

30 ser with consequential emission of heat. 

However, once the evaporator unit 4 reaches the 
minimum temperature determined by potentiometer 
P2, the solenoid valve 16 is operated by the control 
unit 14 whereby the flow path of the high pressure 

35 vaporised refrigerant by-passes the condenser 8 and 
continues through the evaporator unit 4 and back to 
the compressor 6. Thus the passage of the hot gas 
through the evaporator unit serves to defrost said unit, 
the role of the evaporator unit being temporarily 

40 reversed into that of a condensor until the tempera- 
ture thereof rises sufficiently to terminate the defrost 
cycle - the solenoid valve 16 is then re-operated to 
restore the condenser 8 into the coolant circuit 
Thus there is provided a refrigeiator control sys- 

45 tern in which defrost is temperature initiated, in that 
the evaporator unit detects abnormally lower 
evaporating temperatures caused by the build-up of 
ice on the coil or plate and initiates defrost by, in the 
case of Fig. 1 , actuating defrost heaters and switching 

so off the condensor (or operating a solenoid fitted in the 
liquid line between the evaporator unit and the com- 
pressor) and, in the case of Fig. 2, establishing 
reverse cycle defrost. 

The defrost is temperature terminated when the 

55 evaporator unit sensor reaches the temperature set 
by the user on the defrost termination potentiometer. 

This method of controlling defrost increases 
cabinet efficiency and reduces power consumption by 
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omitting unnecessary defrosts. 

The use of rotary potentiometers to set the vari- 
able parameters means that there is no need for bat- 
tery back-up in the event of mains power failure, and 
so allows the system to be adjusted by a person with 5 
no prior knowledge of microprocessors or digital 
techniques. 

The operation of the unit depends upon the pro- 
gram resident in ROM, but alterations to this program . 
can readily be made to accommodate special appli- 10 
cations such as limited compressor starts, drain 
delays, maximum defrost duration, reverse cycle def- 
rost, alarm delay after door-opening and the like. 

Conveniently, open or short circuit sensor faults 
are indicated on the LCD, with both the nature of the 15 
fault and the sensor to which it applies being dis- 
played. 

Defrost can be initiated typically at any tempera- 
ture between +10°C and -40°C in increments of 0.1 °C, 
allowing use of the system in a wide variety of appli- 20 
cations, it being preferred that the sensor S1 is 
located within the evaporator unit on the air-intake 
side thereof and remote from the heater. 

The control system may further include an alarm 
which is actuated when the cabinet temperature 25 
reaches an abnormally high or low value. More par- 
ticularly, when the sensor S2 detects such an abnor- 
mal temperature, an alarm output is established which 
triggers a visual and/or audible alarm such as an LED 
and/or a peizo-electric sounder module. 30 

Means may also be provided in the control sys- 
tem whereby spot temperatures within the refrigerator 
at given times or average temperatures over short 
periods of time may be stored in the memory of the 
microcontroller, this information being capable of 35 
being down-loaded for analysis or inspection. 



Claims 

40 

1 . For a refrigerator having a cabinet (2) and a cool- 
ing circuit including an evaporator unit (4), a com- 
pressor unit (6) and a condensor (8), a 
temperature control system characterised by at 
least one temperature sensing device (S1) for 45 
location within the refrigerator, and an electric 
control unit (14) to which the or each temperature 
sensing device (S1) is connected in such a man- 
ner that, when the temperature sensed by a 
device (S1) reaches a predetermined minimum 50 
value, a cycle for defrosting the evaporator unit 

(4) is initiated, and, when the temperature sensed 
by said device (S1) reaches a predetermined 
maximum value, the defrost cycle is stopped. 

55 

2. A control system as claimed in claim 1 in which 
the defrost cycle comprises switching off the com- 
pressor unit (6) at said predetermined minimum 



temperature and switching the compressor unit 
(6) back on at said predetermined maximum tem- 
perature. 

3. A control unit as claimed in which the defrost 
cycle comprises eliminating the condensor (6) 
from the coolant circuit and passing the vaporised 
refrigerant through the evaporator unit (4) 
whereby said evaporator unit (4) is defrosted. 

4. A control system as claimed in any one of claims 
1 to 3 and including at least two temperature 
sensing devices (S1.S2), one (S1) located at or 
adjacent the evaporator unit (4) and connected to 
the electronic control unit (14) to control the def- 
rost cycle, and another (S2) located in the cabinet 
(2) and connected to the control unit (14) to con- 
trol the temperature in the cabinet (2). 

5. A control system as claimed in claim 1 or claim 2 
for a refrigerator which includes a fan unit (10) for 
circulating air within the cabinet (2) and heating 
means (12) for assisting defrosting of the 
evaporator unit (4), and so arranged that, on initi- 
ation of the defrost cycle, the fan unit (10) is 
switched off and the heating means (12) is 
switched on, and, on termination of the defrost 
cycle, the heating means (12) is switched off and 
the fan unit (10) is switched on. 

6. A control system as claimed in claim 5 and includ- 
ing means for delaying switching on of thefan unit 
(10) after termination of the defrost cycle until the 
temperature sensed by a device (S1) at or adja- 
cent the evaporator unit (4) has fallen to a value 
below said predetermined maximum value. 

7. A control system as claimed in any one of claims 
1 to 6 in which the or each temperature sensing 
device (S1 ,S2) comprises one or more semi-con- 
ductor devices such as diodes. 

8. A control system as claimed in claim 7 in which 
the electronic control unit comprises either a 
microprocessor together with separate RAM and 
ROM peripherals, or a microcontroller with inbuilt 
RAM and ROM facilities. 

9. A control system as claimed in claim 6 or either 
of claims 7 to 8 when dependent from claim 6 and 
including means (P1,P2,P3,P4) for adjusting: 

a) the temperature within the cabinet (2); 

b) the predetermined minimum temperature at 
the evaporator unit (4) at which the defrost 
cycle is initiated; 

c) the predetermined maximum temperature 
of the evaporator unit (4) at which the defrost 
cycle is stopped; 
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d) the temperature at which the fan unit (10) 
is switched on after termination of the defrost 
cycle. 
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